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It was obseiwed in this laboratory that catalytic hydrogenation of some substituted
tolans do not occur^. The tolans that were studied include diphenyl acetylene, p,p'-
dimethyl tolan, p,p'-diethyl tolan, p,p'-diisopropyl tolan and p,p'-di-tertributyl tolan. As
the size of these substituents increases, the ability of these acetylenes to add hydrogen
catalytically decreases. It was then postulated that the acetylenic bond was lifted more
than 1.125A away from the metallic surface. In order to understand this anomaly, 3,3'-
dimethyl tolan,6, and 3,3'-dimethoxy tolan,?, were synthesized in 75-80% yield. From
the variable temperature proton NMR studies, the energy barrier to rotation about the
bond between the acetylenic carbon and the phenyl carbon for 6 and 7 were calculated
to be 13 and 14 Kcal/mole respectively. The attempt to synthesize spiro-[n.m] alkanes
was partially accomplished with the synthesis of 1-carboethoxyindane in 60% yield. Bi-
indanol was synthesized by the reductive coupling of indanone with titanium
tertrachloride in dry THF. Also isolated in this experiment was
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INTRODUCTION
THE PARTIAL ALLENIC CHARACTER OF SOME SELECTED DIARYL
ACETYLENES
In earlier studies in these laboratories, it has been established that some p,p'-di-
substituted tolans do not add hydrogen catalytically. ^
Where R=H, CH3, CH3CH2, CH(CH3)2, C(CH3)3
This reduction is only possible for the acetylenes with R equals hydrogen, methyl, and
ethyl groups.2 It is very slow when the R is an ethyl group, and no reduction occurs
when R is isopropyl and tertiary butyl group, even at 60 ^C and 3 atmospheres of
pressure. However, the aliphatic counterparts do add hydrogen catalytically even with
the tert-butyl substituent . ^ It was reported that the surface of the catalyst has to be at a
"Critical Distance"(measured to be 1.125A) from the acetylenic carbons.^ The paper
proposed that the isopropyl and the tertiary butyl groups "lift" the acetylenic bond above
the critical distance from the surface of the catalyst hence preventing it from "picking-
up" the hydrogen. This is to say that the hydrogen atoms are thus allowed to recombine
on the metallic surface before attacking the unsaturated bond. This same proposal does
not hold for aliphatic acetylenes with the same substituents without the phenyl group.
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Fig. 1. The distance between the acetylenic bond and the
metallic surface was calculated to be 1.125A by
McBay and co-workers, J. Org Chem. 46, 4695,1981.
The fact that some substituted Tolans do not add hydrogen catalytically was
published in the literature in 1981.1 The tolans that were studied included,
diphenylacetylene(l), di-(p-methylphenyl) acetylene(2), di-(p-ethylphenyl) acetylene(3),










It was observed that as the size of the para substituent increases, i.e. H, CH3, CH2CH3,
CH(CH3)2, and C(CH3)3, the ability of the tolans catalytically to add hydrogen
decreases, and they do not add when the substituent is the isopropyl or tertiary butyl
group.
2
1. When R=H>CH3»CH2CH3 eq 2
»-
Reaction rate decreases
2. When R=CH(CH3)2, C(CH3)3
Reaction does not occur
However, hydration and hydrogenation of these tolans do proceed under homogeneous
conditions not involving a catalytic surface.
R=H, CH3, CH2CH3. CH(CH3)2, C(CH3)3




It is difficult to rationalize this last fact except to assert that the case of the
disubstituted tolans that have been studied differs only in the substituted phenyl groups,
and this may be a factor contributing to this anomaly. The questions that directly arise
from these observations from these earlier workers are;
3
(i) Why do the acetylenes 1, 2 and 3 undergo catalytic hydrogenation
while 4 and 5 do not?
(Note that all these acetylenes undergo hydration and hydrogenation
under homogeneous conditions)
(ii) Why does the same acetylene, di-tertiarybutyl acetylene, without the
phenyl groups, but with exactly the same distance of approach to the
catalyst, undergo catalytic hydrogenation?
These are the questions that will be addressed in the course of our studies. The
partial explanation that was given in this earlier paper was;
a. That the phenyl groups are electron sinks, and this effect combined
with the positive inductive effects of the methyl groups may account for
the anomaly.^
b. That, for a catalytic hydrogenation to occur, the unsaturated bond in
question will have to "rest on the surface" of the catalyst at a distance
no greater than 1.125 A. This distance from the metallic surface to the
unsaturated bond will have to be equal to or less than this
"critical distance" for the catalytic hydrogenation to occur.
4
pCHa
Evidence that the stereo chemistry here depicted for these molecules is correct is the
fact that 1 through 7 show no absorption line in their infrared spectra at 2200 cm"l,
while each shows an intense Raman line at this frequency.'^ This carbon-carbon triple
bond stretching vibration is centrosymmetric suggesting that these molecules are indeed
linear. The molecule number 8 does show the infrared absorption line at 2200 cm"l and
it shows no Raman scattering at this frequency. These findings are quite consistent with
the geometric representation here presented.^ These are linear structures, and indeed
they must be if they are to possess any measurable percentage of allenic character.
The theoretical interpretation here presented is that, with the help of the aromatic
ring, the electrons in the acetylenic bond are delocalized to give the partial allenic
structure shown below;
The stability of this allenic structure is due to the contribution of ten canonical forms to





Using the molecular orbital picture, the interpretation is that, when the electrons in
the acetylenic bond are delocalized, it reduces the electron density; that is, the size of
the 7t-orbital on the acetylenic carbon is reduced. This will explain why the acetylenic
bond cannot reach the surface of the metal. Since the orbital cannot reach the metallic
surface, there will be no interaction between the orbital and the hydrogen on the metallic
surface.
a b
Fig. 2. a represents the electron delocalized form as is
illustrated in equation 6 above while b represents
Aliphatic acetylenes with no possibility for electron
delocalization.
It can be seen from this theoretical explanation that the lifting and the reduction in
electron density on the acetylenic bond contributes to this anomaly. This is not the case
for the di-tertiary butylacetylene. Here the size of the orbital is not perturbed. There
occurs no delocalization of electron density, and it retains its normal size(b), hence it
can reach the surface of the catalyst for the catalytic hydrogenation to take place as is
illustrated in Fig. 2 above.
Also, in yet another earlier publication, Pauling and co-workers theoretically
calculated the percent double bond character for diphenyl acetylene to be 44^. The
6
experiments here reported were designed to answer these questions put forward earlier
and also to confirm the theoretical interpretation here presented.
7
THE SYNTHESIS OF SPIRO BICYCLO-[n.m]-ALKANES WITH CHIRAL SPIRO
ATOMS AND AN ATTEMPT AT ASYMMETRIC INDUCTION
The second part of this investigation consists of the synthesis of spiro bicyclo-
[n,m]-alkanes with chiral spiral atoms. One of the studies in this project involves
asymmetric induction, i.e, transferring chirality from one reagent to another, in our case
from the chiral solvent to the reaction mixture. The solvents looked at include a- and P
-pinene. The reaction was carried out by first making a mixture of the optically pure
pinene with the Lewis acid, antimony pentachloride, followed with the addition of the
diolat-20 to-lQOC.
Pinacol rearrangement is known to occur on secondary and/or tertiary 1,2-diols to
produce the corresponding pinacolone.^ Many pinacol-type reactions are known. The
migrating group may be alkyl, aryl or hydrogen. These reactions do not only occur with
1,2-diols, but they can also occur with the amino group alpha to the alcohol group.
OH NH, OH Nt
D—A—r—D" HONO I IR C-C R ^r_q_c-r"-^r3.c—c—R'L L. 11^ Uf+R R Rl RIM R.
^OH R'"
\ I I—r—c
OH R'" O R’"
II I -H* II I
■R—C—C—R" —-Vr—c—C—R"
R' R’ eq. 8
The reaction involves a simple 1,2-shift and the driving force for the reaction is the
stabilization of the final carbonium ion intermediate by the elimination of a hydroxyl (in
the form of a water molecule) or diazo group to form a neutral product.^ This reaction
is catalyzed by Bronsted-Lowry and/ or Lewis acids. When the intermediate involve a
planar structure, the product formed will be a racemic mixture.^ To achieve
enantiomorphically pure compound, a chiral solvent may be used to influence the
reaction process. The synthesis of enantiomorphically pure compounds has always
presented a considerable challenge to organic chemists. Recently, intense interest has
been aroused in the development of efficient methods for asymmetric induction
g
synthesis. Asymmetric hydroboration is especially promising for providing a general
synthesis of pure enantiomers. ^ ^ For example, diisopinocampheylborane(Ipc2BH)




The resistance to catalytic hydrogenation by acetylenes 4 and 5 has been attributed
to the fact that the electrons on the acetylenic bond are delocalized. This investigation
will answer the questions that were posed earlier, i.e. why aliphatic acetylenes, under the
same conditions and structural orientation, do add hydrogens catalytically.
The primary objective in this study is to provide a plausible interpretation for this
anomaly. Why doesn't the substituted diphenyl acetylene add hydrogen catalytically
while the aliphatic acetylene does? Apparently, the phenyl group make some
contribution to this anomaly in addition to that of the "lifting" of the acetylenic bond
from the metal. A possible explanation here is that the electrons in the acetylenic bond
are delocalized into the aromatic ring thereby lowering the electron density on the
acetylenic bond. In other words, the size of the orbitals of the acetylenic carbon is
reduced and this orbital has to be large enough to extend and reach the surface of the
metal(see illustration in fig. 2). The postulate that electron density on the m-substituted






This effort was then focused on in the synthesis of m,m'-disubstituted diphenyl
acetylenes. In order to achieve this, it was then necessary to measure the barrier to
rotation about the bond between carbon of the acetylene and that of the phenyl group.
To obtain data for such measurement as this, variable-temperature ^H-NMR studies on
the meta-substituted tolans were performed. Variable temperature ^H-NMR data in
selected cases provided a basis for calculating the magnitudes of these rotational
barriers.
Nuclear magnetic resonance technique is widely used to study dynamic processes. In
order to understand the theoretical calculation, let us consider a molecule which is
interconverting between two states A and B, or a nucleus exchanging between two
molecules A and B. It is necessary to define the molecular parameters which govern the
equilibrium being considered. We have equilibrium
^nA - ^ ^nB eq. 9
in which and *^3 are the mole fractions of A and B. Any equilibrium is characterized
by two parameters.




"a + "b " 1
(ii) The rate of the inter conversion is determined by the free energy of activation,
AGJ, i.e
k=RT/Nexp(-AGt/RT) eq. 10
We now apply this to the experiment in question, i.e. the variable temperature dynamic
proton nuclear magnetic resonance experiment of 3,3'-dimethyl tolane. The sample was
12
cooled until the coalescence temperature was achieved. As the temperature was raised,
rotation about the bond between the acetylenic carbon and the phenyl carbon becomes
appreciable, interconverting the methyl group from the trans to the cis conformation.
eq. 11
As the exchange rate increases, the two methyl resonance broaden, coalesce into one
broad resonance line and finally give one sharp single "average" peak characteristic of
fast exchange. During this process the aromatic peaks remain sharp and fixed as the
spinning of the aromatic rings does not affect the chemical shift of this peak. This, of
course, is as it should be since neither the rotation of the phenyl groups about the major
axis of the molecule nor the tumbling of the entire molecule in solution should not have
effect on the magnitude of these "aromatic chemical shifts." The temperature at which
the two separate peaks just merge into one is called the coalescence temperature. At
this point the lifetime of conformation A (or B) in a discrete state is given by
T='^2/7i5vs
where 5v=(V^-Vb)Hz
for ^H, V^-Vg is of the order of O-lOOHz and therefore T is approximately lO'^s at
coalescence; for the lifetimes at coalescence; lOppm separation(250Hz) requires a
life time of 2 x 10"^s for coalescence point and temperature(Tc).
The free energy of activation, AGJ from the coalescence point and temperature(Tc);
AG?/RTc= log0(V2R/7iNh) + loge(Tc/5v)
=22.96 + loge(Tc/5v) eq. 12
In ethane the torsional barrier to rotation about the carbon-carbon single bond is
2.8Kcal/mole.l4 This is a prime example of an unobstructed carbon to carbon single
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bond. The torsional barriers here reported are presented as evidence of considerable
double bond character in the indicated bonds.
The exchange process between different magnetic enviroments can be described in
terms of the rate of exchange from one situation to another. ^ ^ This time is often called
correlation time.^^ Mathematical analysis of the effects of exchange can be summarized
in the statement that, if in the absence of exchange the resonance of the two
environments are separated by the amount 5v, then, when exchange occurs, both
resonance will be observed so long as the correlation time is appreciably greater than 1/
5v. If this lifetime shortens, however, and becomes comparably to l/6v, then the two
resonance peaks will be broadened, and they will give rise to a single peak between the
two original peaks when the correlation time becomes smaller than l/5v. Thus, from
the studies of coalescence of lines as function of concentration and temperature, it is
possible to deduce rate constants and energies of activation, while from the shift of
coalesced lines it is possible to deduce equilibrium constants and heat of interaction.^^
The word "exchange" used here in the broadest possible sense and does not imply
necessarily a physical transfer of a nucleus from one molecule to another. This
phenomena can be observed in a cis-trans isomerization, changes in ring conformation,
internal rotation and similar molecular motions. ^ ^
By mathematical analysis of the line shapes as a function of temperature the
evaluation of the rates of interconversion and the barrier to rotation for 3,3'-dimethyl
and 3,3'-dimethoxy tolans in this laboratory have been estimated at 13 kcal/mol. and 14
kcal/mole respectively. Studies in liquid state have been more familiar to chemists and
provide a means for obtaining a variety of information about molecular systems. Not
only can chemical shifts be used to identify structural types of nuclei, but, more
importantly, they can lead to further understanding of electron distribution.
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hybridization, electronegativity, anisotropy effects, association, and similar electronic
phenomena which shape the chemical and physical properties of molecules.20
The use ofNuclear Magnetic Resonance method to study both interaction and rates
of processes is undoubtedly unique among the various spectroscopic techniques. Thus,
NMR has been utilized to examine processes whose rates or interactions are not
convenient for measurement by other methods.21
From these experiments, we have been able to calculate the barrier to rotation for
acetylene 6, and 7. Based on these calculations, it is clear that the bond in question, i.e.
the bond between the acetylenic carbon and the phenyl carbon, have some double bond
character.
The following approaches were used to synthesize the following acetylenes; 3,3' di-
(/w-methylphenyl) acetylene, 3,3' di-(/n-methoxyphenyl) acetylene, and 3,4-dinitro-3',4'-
dimethoxy-diphenyl acetylenes structures 6, 7, and 8 respectively





Acetylenes 6 and 7 were prepared by first synthesizing the benzoin as follows:
R=CH3 and OCH3
This process known as the benzoin condensation was achieved by refluxing 3
methylbenzaldehyde with a catalytic amount of sodium cyanide to produce 3,3'




PREPARATION OF THE ACETYLENES
The benzoins were oxidized to their corresponding benzils in 75-85% yield by bubbling
oxygen gas through a solution of the benzoin dissolved in aqueous pyridine with added
copper sulfate. The benzil was then converted to the dihydrazone followed by the





The synthesis of the unsymmetric acetylene, 8, was approached in a different
manner. The first approach was to convert one of the aldehydes to the dithiane
compound and then to add the anion derived from it to the acid chloride of the
coreactant. Because of both resonance and inductive effects, the carbonyl carbon in the
3,4-dinitrobenzaldehyde is considerably more highly electrophilic than is the carbonyl
carbon in the 3,4-dimethoxybenzaldehyde. For this reason the dimethoxy aldehyde was
converted to the dithiane and 3,4-dinitrobenzoyl chloride was used as the electrophile.
These synthetic steps are outlined in reaction scheme IV;
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SCHEME IV
The idea here was to convert the carbonyl carbon of the dimethoxy aldehyde from
its electrophilic nature to a nucleophilic species. The 1,3-dithiane derivatives are
versatile intermediates to the synthesis and inter conversion on monocarbonyl to 1,2-di¬
carbonyl compounds. 22 Numerous synthetic operations have been performed that
involved the 2-acyl-1,3-dithiane moiety, including the extension of carbonyl chains, the
masking of and unmasking of carbonyl groups, the blocking and unblocking of
activated methylene groups, the nucleophilic acylation of carboxylic acid derivatives,
and the reduction of carbonyl groups to the methylene groups.23 Temporary
conversion of the electrophilic reactivity of the aldehydic carbonyl group permits the
synthesis of carbonyl compounds by the coupling of a nucleophilic aldehyde derivative
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with electrophiles.A useful procedure for accomplishing this synthetic operation
involves (1) conversion of the aldehyde to the 1,3-dithiane derivative, (2) metalation of
this derivative with n-butyllithium in tetrahyrofuran, (3) reaction of the 2-lithio-l,3-
dithiane derivative with an electrophile and (4) the hydrolysis of the resulting 1,3-
dithiane derivative to the carbonyl compound using mercuric chloride. These steps are









The mercuric chloride usually forms a sparingly soluble complex with 1,3-dithiane
derivatives that can be hydrolyzed in good yield when heated at 60-90 for 1-8 h in
an aqueous polar organic solvent such as methanol, ethanol, ethylene glycol and
tetrahydrofliran. Insoluble bases (mercuric oxide, cadmium carbonate, calcium
carbonate) are often added to neutralize the HCl formed during hydrolysis. A variety
of ketones bearing interrelated functional groups can be economically prepared by the
lithiodithiane method using mercury (Il)-promoted hydrolysis to generate the carbonyl
group.25
E.J. Corey and co-workers have done a considerable amount of work in this field.26
They synthesized acetyl-2-cyclohexenone by an indirect coupling of acetaldehyde and 2-
cyclohexenone, after the removal of the dithiane group, the acetyl-2-cyclohexenone was
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produced in 70% yield. This suggested another synthetic approach to these acetylenes.
That approach was to add the lithium salt of the dithiane to the tosyl derivative of the
3,4-dinitrobenzyl alcohol. This was achieved by first reacting the 3,4-dinitrobenzyl
alcohol with tosylchloride and then adding this to the lithio-salt of the 3,4-dimethoxy
dithiane derivative. This is illustrated below in scheme VI. The condensed product was
converted to the carbonyl using mercuric salt or NBS. The carbonyl was converted to
the dichloro derivative by reacting it with phosphorous pentachloride. This was then















Also attempted was coupling the 3,4-dimethoxy benzaldehyde with grignard of the 3,4-
dinitrobenzyl bromide. This was achieved by converting the 3,4-dinitrobenzyl alcohol to
the 3,4-dinitrobenzyl bromide by refluxing 3,4-dinitrobenzyl alcohol with a mixture of
concentrated sulfuric acid and 40% hydrobromic acid. The aldehyde was then coupled
with the dinitrobenzylmagnesiumbromide to produce 3,4-dinitrobenzyl,3',4'-
dimethoxybenzyl alcohol. This was then oxidized to the carbonyl and converted to
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dihalide. The dihalide was then reacted with alcoholic potassium hydroxide to produce
the acetylene as is illustrated below VII;
SCHEME VII
O2N OCH3
It's been found in this laboratory that when bi-indanol undergoes pinacol rearrangement,




A series of reactions were carried out in the attempt to produce an enantiomorphically
pure pinacolone. To achieve this, a chiral solvent was chosen to transfer selective
enantiomorphism during the critical step in this reaction, i.e. the rearrangement.
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The primary objective is to test the proposed theory that chirality can be transferred
from a chiral solvent to a reacting mixture. The other objective is to determine if the
optical course of the rearrangement may be influenced by initiating the rearrangement
with an optically active acid or an optically active electrophile. The significance of this
process is that a method will be designed that can easily transfer selective
enantiomorphism from one component to another in a short-step, clean and inexpensive
manner.
SYNTHESIS OF THE STARTING MATERIALS
In synthesizing ethyl-1-indancarboxylate different methods were used. The first
approach was to react indan with n-butyllithium in THF at -78 to produce
indanyllithium. Ethylchloroformate was then added to the alkyllithium. However, the
ethyl-1-indancarboxylate was not produced. The reaction step is illustrated below in
equation 15:
We recovered less than 1% product. After a series of attempts, this method was
abandoned.
BENZYLIC BROMINATION
Our next procedure was to brominate indan using N-bromosuccinimide(NBS) catalyzed
with benzoyl peroxide in carbon tertrachloride at reflux temperature. The idea was to
brominate the benzylic carbon in the indan in an attempt to prepare a Grignard reagent.
24
then trapping it with carbon dioxide gas to produce the corresponding carboxylic acid
after acidic work-up. The acid will then be esterified to produce the indancarboxylate.
It is known that toluene has been brominated in this fashion in good yield.^^ However,
the bromination was not successful.
REDUCTION OF 1-INDANONE
The next attempt to make the indancarboxylate, was to reduce 1-indanone to the 1-
indanol and convert the alcohol to a bromide, followed by Mg metal to make the
corresponding Grignard, and then with series of steps to the desired ester as has been
explained above. However, the only reaction that was carried out was the reduction of
indanone to indanol.
DARZEN CONDENSATION
After several attempts, we finally made the indancarboxylate via the Darzens glycidic
t
ester condensation of indan-l-one.^^ This interesting method involves the condensation
of indan-l-one with ethylchloroacetate. This reaction proceeds normally yielding the
glycidic ester in high yields. The glycidic ester was converted to the corresponding
aldehyde by hydrolysis and decarboxylation. Oxidation of the aldehyde yielded the 1-
indancarboxylic acid which is known to be potent anti-inflammatory agent. The acid
was then esterified in excess ethanol to produce ethylindan-l-carboxylate. It has been
reported that the darzens glycidic ester condensation of indan-l-one with
ethylchloroacetate in presence of potassium t-butoxide as the condensating agent yields
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the olefinic ester instead of the expected glycidic ester.29 This is illustrated in equation
17;
However, it was observed that after the reaction of indan-l-one with ethylchloroacetate
and catalyzed with potassium t-butoxide, a 90% yield of the expected glycidic ester was
observed when the excess potassium t-butoxide was destroyed with carbon dioxide. ^
The glycidic ester was found to be sensitive to strong acids and bases and even when an
ethereal solution was washed with dilute aqueous acids and bases, it was partly
converted to the olefinic ester.^l It was also sensitive to prolonged heating. This ester
was then converted to the aldehyde by hydrolysis of the ester with a mixture of metallic
sodium, absolute ethanol and water, to yield brown solid. This was then decarboxylated
by heating it with glacial acetic acid producing formylindane. The aldehyde was
oxidized to the carboxylic acid then esterified to produce the ester. The reaction steps




The next objective was to synthesize o-bromoindanone which is one of the starting
materials for our series of reactions. The first attempt was to thallate 1-indanone
according to the procedure of Taylor and co-workers. Arylthallium
ditrifluoroacetate, the products of thallation, react rapidly with aqueous potassium
iodide to produce thallium(l) iodide and the corresponding aromatic iodide. This
synthesis of aromatic iodides is generally applicable to a wide range of aromatic and
heterocyclic substrates.*"® By analogy with mercuration, where Brown and Wirkkala
showed that use of trifluoroacetic acid as a reagent gave a moderate yield of the
arylhalide.^^ The thallation of aromatic substrates is readily accomplished simply by







However, several attempts to thallate 1-indanone using the same method as Taylor
failed.
MANNICH REACTION
The Mannich reaction was next attempted. This synthetic method has a wide
applicability to yield a variety of P-aminoethylderivatives. The amines in the free base
form are not particularly stable, tending to form olefins and polymers.^^
—CH + CH2O + HNR2 —C-CH2NR2.HCI + H2O
\
C=CH2 + R2NH eq. 20
This synthesis is applicable to active hydrogen compounds such as aldehydes,^^
ketones,^^ acids,^^ esters,^^ certain heterocyclic compounds with a- or y-methyl
groups,^^ and acetylene compounds.
RC^CH+ R'oNH + CHsO ► RC^CCH2NR2^ ^
eq. 21
In this synthetic method, active hydrogen is replaced by an aminomethyl or substituted
aminomethyl group. The reaction may occur with ammonia, primary and secondary
amines, aldehydes other than formaldehyde, but not with tertiary amines. Purer
products are obtained from secondary amines since they possess only one replaceable
hydrogen atom. To carry out the reaction the components are simply refluxed in an
organic solvent such as methanol, ethanol, isoamylalcohol,^^ nitrobenzene,^^ and
nitromethane,*^^ particularly if the aldehyde is not a liquid. By-products are sometimes
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formed. The mechanism for the reaction has not yet be determined with certainty. It
appears that preference is given to the path which involves first the formation of the
immunium ion,^^
CH2O + rAHz ► CH2=NHR + H2O 00eq. 22
which then reacts with the active hydrogen compound(enolic form for the aldehyde or





In view of the vast use of this synthetic methodology, we then sought to prepare 1-
bromoindanone via the Mannich reaction. First, the Mannich base was prepared by
refluxing the o-bromoacetophenone with diethylamine hydrochloride and
paraformaldehyde in ethanol for 5-12 h. The Mannich base was isolated by dissolving
the reacting mixture hot in acetone. The unreacted diethylamine hydrochloride that
crystallized was filtered out. The acetone mixture was concentrated and the Mannich
base was distilled at reduced pressure to give the corresponding alpha, beta unsaturated
alkene and the starting o-bromoacetophenone. All efforts to separate the two products
were not fruitful. The product ratio with the starting material was determined by the








Also attempted was reacting the enolate of o-bromoacetophenone with
diethylcarbonate. The idea here was to selectively reduce the ester product, after
protecting the ketone, to the corresponding alcohol. After removing the protecting
group, the alcohol will then be dehydrated to produce the desired alkene. The ring
closure will be catalyzed with polyphosphoric acid to produce the o-bromoindanone.








Yet another method to prepare o-bromoindanone was attempted. This involved the
addition of vinylmagnesium bromide to o-bromobenzaldehyde to produce the
corresponding alcohol. The ring closure will be catalyzed with paraphosphoric acid
followed with the oxidation of the alcohol.
While working on the Grignard reaction in our laboratory, more reactions were
undertaken to prepare this o-bromoindanone. This includes Friedel-Craft acylation,
which was achieved by acylating 4-bromonitrobenzene with 3-bromopropionyI chloride
catalyzed with anhydrous aluminium(III)chloride . This was followed by the reduction
of the nitro group then converted into the corresponding diazo compound, which when
reacted with phosphorous acid will produce P-bromo-2-propionylbromobenzene. This
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will then be carried through a sequence of steps to produce the o-bromoindanone as is
illustrated below in scheme XI;
XI





Upon the completion of this synthesis, the spiroindan will be used for a series of
reactions which includes acylation at the bromine position. Upon treatment with UV
light, the carbonyl electrons will be excited to the triplet state with one of the odd
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electrons trapped in the aromatic ring cage as is illustrated in scheme XIII below. This
is a theoretical prediction that is yet to be tested.
SCHEME XIII
In the rearrangement process, it is possible to get an enantiomorphically pure product
when the ene-ol is treated with acid.
However, it is not the case for the bi-indanol, produced from the photo-induced
reductive coupling of indanone, where a racemic mixture is produced. In order to
produce an active product, a chiral solvent was used as the medium for the
rearrangement hoping to transfer the chirality from the solvent to the reacting species as




In the course of trying to synthesize the diol via reductive coupling as is illustrated
above, we also isolated a yellow solid which was identified to be
bi(benzocyclopentenylidene). In order to verify this structure, this compound was also
synthesizeed by first preparing the indanone tosylhydrazone. The lithium salt of this was
irradiated in benzene solution for 2.5 h to produce the bi(benzocyclopentenylidene) in
69% yield. The reaction steps are illustrated below in scheme XV;
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SCHEME XV
The X-ray Crystal Structure‘s^ of the trans product is shown in fig. 69 of the Appendix.
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EXPERIMENTAL SECTION
PURIFICATION OF SOLVENTS AND REAGENTS
INDANE: Indan was purchased from Aldrich Chemical Company and was distilled at
70 OC and 12mm ofHg before use.
ETHYLCHLOROFORMATE; Ethylchloroformate was purchased from Aldrich
Chemical and distilled at 92-93 °C before use.
PENTANE; Pentane (from Adrich Chemical) was first refluxed over sodium for 30
min and then distilled at 35 °C.
HEXANES: Hexane (purchased from Adrich Chemical) was purified by column
chromatography using silica gel followed by distillation at 69 ^C.
m-TOLUALDEHYDE: m-Tolualdehyde was purchased from Adrich Chemical and
was purified through vacuum distillation at 40 ^C and 2mm ofHg
SODIUM AND POTASSIUM CYANIDE; These were purchased from Fisher
Scientific and were used without any further purification.
BENZENE: Benzene (purchased from Fisher Scientific) was dried with anhydrous
magnesium sulfate, filtered and refluxed with sodium metal then distilled at 80 and
stored with molecular sieves until ready for use. [Note: The benzene that contained
thiophene was first washed with concentrated sulfuric acid, followed with water and
then dried with anhydrous magnesium sulfate.]
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ETHYL ALCOHOL: Ethanol was purchased from Fisher Scientific and was first dried
with anhydrous magnesium sulfate filtered and refluxed with calcium oxide for 1 h. It
was then distilled at 77 and stored with molecular sieves.
m-ANISOLE: m-Anisole was purchased from Aldrich Chemical and vacuum distilled at
60 OC and 2mm of Hg.
ACETONITRILE. Acetonitrile (purchased from Fisher Scientific) was first pre-dried
with anhydrous magnesium sulfate, followed with anhydrous potassium carbonate. It
was filtered and refluxed with phosphorous pentoxide for ca. 45 min and then distilled at
80.5 OC.
CADMIUM CHLORIDE: Cadmium chloride was purchased from Fishers Scientific
and was dried with the "Abderhalden Apparatus", using refluxing toluene to maintain
constant temperature at 110 ^C.
CHLOROFORM: Chloroform (purchased from Fisher Scientific) was first washed
thoroughly with water to remove the ethanol (the stabilizer). After filtration, it was
refluxed with phosphorous pentoxide, then distilled. The unused chloroform was stored
with molecular sieves
o-BROMOACETOPHENONE: This was purchased from Pfalz and Bauer Chemical
company and was purified by vacuum distillation.
The nuclear magnetic resonance instrument used was the Bruker 250 and the infra¬
red was the FT-IR by Nicolet. Temperatures are uncorrected.
PREPARATION OF 3.3'-DIMETHYLBENZOIN. Thirty five grams (35 g, 0.291
mole), of 3-methylbenzaldehyde was added to a mixture of 4.1 grams of sodium
cyanide, 50 g of water and 65 mL of ethanol. The mixture was allowed to reflux for ca.
18 h. It was then allowed to cool to room temperature. The ethanol was distilled using
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the rotorary evaporator. The benzoin was then washed with 100 mL of water and
extracted with 3x100 mL of chloroform. The combined organic layers were dried with
anhydrous magnesium sulfate, filtered and the solvent was stripped. The crude material
was vacuum distilled at 175 and 2mm of Hg to give a yellow oil which was
crystallized from acetone to give white crystals. The benzoin melted at 134.5-136.5 ^C.
Spectral data; NMR(CDCl3 ppm) 2.33(d 6H), 4.1(s IH), 5.90(s IH), 7.12-7.75(m
8H): IR(neat NaBr crn'l) 810(m), 1266(s), 1602(m), 1689(s), 2956(m), 3016(m),
3445(b).
PREPARATION OF 3.3'-DIMETHYLBENZIL.46 Hydrated Copper sulfate, was
purchased from Aldrich and used without any further purification. In a 2-L 3-neck;ed
flask, fitted with a reflux condenser and oxygen in-let, is placed a mixture of 32 g of
crystalline copper sulfate, 31.1 g of pyridine and 100 g of water. The mixture was then
allowed reflux until the copper sulfate was completely dissolved. Then 15 g of 3,3'-
dimethylbenzoin was added to the mixture and the heating continued for ca. 48 h, at this
time the solution changed from dark blue to dark green. The heating was stopped and
the reacting mixture allowed to cool to room temperature. The copper-pyridine layer
was decanted and the solid was filtered and washed with water and then heated with
concentrated sulfuric acid. The solid was filtered, washed with water and recrystallized
from ethanol to give 13.65 g of an orange crystals with melting point 99-101 ^C, which
amounted to a 86% yield. Spectra data: NMR(CDCl3ppm) 2.35(s 6H), 7.36-
7.73(m 8H). (decoupled CDCI3 ppm) 21.23, 127, 128.88, 130.19, 133.22,
135.63, 138.99; GC-MS(m/e)M+=238, Fragmentations; 119, 91, 65.
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PREPARATION OF 3,3'-DIMETHOXYBENZOIN. m-Anisaldehyde (25.0 g, 0.184
mole) was added to a mixture of 7.25 g (0.148 mole) of sodium cyanide, and 100 mL.
of water. The mixture was allowed to reflux for 6 h. Water (200 mL) was added to the
mixture to remove residual sodium cyanide. The organic layer was separated and the
aqueous layer washed with 3x150 mL of ethyl acetate. The combined organic layer was
dried with anhydrous magnesium sulfate, filtered and concentrated to give an oily liquid.
This was used for preparing benzil without further purification. Spectra data;
NMR(CDCl3 ppm); 3.87(d 6H), 5.90(s IH), 4.8(s IH), 7.21-7.53(m 8H); IR(Neat
NaBr cm-1), 810, 1266(s), 1602(m), 1692(s), 2956(m), 3066(m), 3445(b).
PREPARATION OF 3,3'-DIMETHOXYBENZIL.46 The pyridine from Fisher
Scientific, was distilled before use. In a 2-L 3-neck round bottom flask, fitted with a
reflux condenser and an inlet tube to introduce oxygen, was placed a mixture of 28 g of
crystalline copper sulfate, 30 g of pyridine and 100 g of water. The mixture was then
allowed to reflux until all the copper sulfate had dissolved. 10.0 g(.037 mol) of the
crude benzoin was added to the stirring mixture and were allowed to reflux for 48 h, at
this time the color changed from dark blue to dark green. The reaction mixture was
then washed with water and the organic layer separated. The aqueous layer was further
washed with 3x100 mL of chloroform. The combined chloroform layer was dried with
anhydrous magnesium sulfate, filtered and concentrated to produce an orange colored
solid. The solid was recrystallized from ethanol to give 8.5 g of orange crystals, which
amounted to 85% yield. The melting point was 99-101 ^C. Spectra data:
NMR(CDCl3 ppm); 3.87(s 8H), 7.36-7.73(m 8H); l^c NMR(Decoupled ppm); 55.5,
113, 121, 123, 130, 134, 160, 194; GC-MS(m/e); M+=270, Fragmentations; 135, 107,
77.
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PREPARATION OF 3,3'-DIMETHYLBENZIL DIHYDRAZONE.46 Hydrazine was
distilled from potassium hydroxide pellet before use. Anhydrous hydrazine (12.8 g,
0.40 mole) was refluxed with potassium hydroxide for 3 h, then 13.8 g (0.06 moles) of
3,3'-dimethylbenzil in absolute ethanol was added to the refluxing mixture. The
reaction mixture was allowed to reflux for 8 h The product(benzil azine) was not
isolated but a fresh anhydrous hydrazine was distilled from potassium hydroxide into the
reacting mixture containing the azine. The mixture was allowed to reflux for an
additional 6 h under nitrogen. The excess hydrazine was distilled off and the solid benzil
dihydrazone was recrystallized from ethanol to give 10.2 g of pale yellow crystals,
which is 63% yield calculated from pure dihydrazone recovered. Spetra data;
NMR(CDCl3 ppm); 2.3 l(s 6H), 5.7(s 4H), 7.11(d IH), 7.16(t IH), 7..29(d IH),;
13c(Decoupled ppm); 21.2, 124, 128, 130, 138.
PREPARATION OF 1,3-DITHIOPROPANYL KETAL OF
3,4-DIMETH0XYBENZALDEHYDE.22 1,3-dithiopropane purchased from Aldrich
Chemical Co. was used without any further purification. 3,4-dimethoxybenzaldehyde
(35 g, .021 mole) was added to an excess 1,3-dithiopropane in anhydrous benzene. The
mixture was allowed to stir for 30 min. Several drops of concentrated hydrochloric acid
was added to the reaction mixture. An exothermic reaction occurred and the flask was
cooled with an ice bath. The mixture was then refluxed for 16 h after the water was
removed. The solvent and excess 1,3-dithiopropane was distilled off to leave a pale
yellow liquid which later solidified upon cooling. The solid was dissolved in chloroform
and then poured into 200 mL of water. The organic layer was separated and the
aqueous layer washed with 3x100 mL of chloroform. The combined chloroform layers
were washed with a 25% sodium hydroxide solution followed with water. It was dried
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over anhydrous magnesium sulfate, filtered and concentrated to give a pale yellow solid
which was recrystallized from ethanol to give 35.5 g of snow white crystals with
melting point of 73-74 ^c. This amounted to a 66 percent yield. Spetral data:
NMR(CDC13 ppm); 1.9(t 2H), 2.3(t 2H), 3.3(m 2H), 3.9(d 6H), 5.4(s IH), 6.8(d IH),
7.2(d IH), 7.5(s IH): NMR(CDC13 ppm); 25, 32, 51, 55, 111(d), 120, 131, 149,
188; GC-MS(m/e); M+=256; Fragmentations: 182, 167, 151, 91, 82, 77, 65, 45.
.PREPARATION OF 1,3-DITHIOPROPYLKETAL OF
3-METHYLBENZALDEHYDE.22 This synthesis was carried out according to Corey
and co-workers.^ m-Tolualdehyde (15.0 g, 0.125 mole) was mixed with dithio-1,3-
propane in a 500-mL flask at room temperature. The mixture was allowed to stir for 15
min. The mixture was cooled with an ice-bath and few drops of concentrated
hydrochloric acid was added to the mixture. The liquid mixture turned creamy color.
250 mL of anhydrous benzene was added to the reacting mixture. It was allowed to
reflux for 1 h with water removed. Excess solvent and the dithiopropane were
removed. The resulting solid was dissolved in chloroform, then poured into 200 mL of
water. The organic layer was separated and the aqueous layer washed with 3x100 mL
portions of chloroform. The combined chloroform layer was then washed with 25%
sodium hydroxide solution followed by water and then dried over anhydrous magnesium
sulfate. The pale yellow liquid was concentrated by removing the solvent giving pale
yellow solid. The solid was recrystallized from ethanol to give a snow white needles.
25.16 g was recovered which amounted to 97% yield. Proton NMR (CDC13, ppm3),
1.9(t 2H), 2.3(s 3H), 2.86(t 2H), 2.95(t 2H), 5.08(s IH), 7.19(m 4H).
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PREPARATION OF 3,4-DINITROBENZOYLCHLORIDE. 3,4-dinitrobenzoic acid
(30.0 g, 0.142 mole), reagent grade, was added to excess thionyl chloride at room
temperature. The mixture was allowed to reflux for 1 h. The excess thionyl chloride
was distilled off. The crude product was vacuum distilled at 158 and 3 mm of
mercury(210 ^C). The liquid upon standing solidified after cooling to give a light
purple color with a melting point at 171-173.5 ^C. Spectral Data: IR(Neat KBr cm'^);
3066, 1813, 1542, 1363, 1204, 947, 850; NMR(CDCl3 ppm); 8.2(d IH), 8.6(d
IH), 8.7(s IH).
PREPARATION OF 1,3-DITHIOPROPYLKETAL OF
3-METHOXYBENZALDEHYDE.22 3-Methoxybenzaldehyde (15.0 g, 0.11 mole)
was added to 12.0 g(0.11 mole) of 1,3-dithiopropane at room temperature. The
mixture was allowed to stir for 10 min. Few drops of concentrated hydrochloric acid
was added to the stirring mixture and an exothermic reaction occurred with the solution
turning creamy colored. It was cooled with an ice-bath. Anhydrous benzene(250 mL)
was added to the reacting mixture and allowed to reflux for 1 h with water removed.
The solvent was removed and the resulting solid dissolved in 200 mL of chloroform. It
was washed with water, 10% sodium hydroxide and water. The organic layer was dried
with anhydrous magnesium sulfate, filtered and concentrated to give a pale yellow solid.
Spectral Data: NMR(CDCl3 ppm); 1.9(t 2H), 2.8(t 2H), 2.92(t 2H), 3.98(s 3H),
5.2(s IH), 7.19(m 4H).
PREPARATION OF INDANE-l-SPIRO-2'-OXIRAN-3'-CARBOXYLATE.30 To a
flamed-dried and nitrogen-purged 500-mL three-necked flask fitted with a mechanical
stirrer, dropping funnel, and nitrogen inlet tube was added 20.0 g (0.151 mole) of indan-
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l-one(vacuum distilled before use) and 27.0 g (0.220 mole 23.5 mL) of freshly distilled
ethyl chloroacetate. The mixture was kept under nitrogen, cooled in an ice-bath, and
stirred. A solution of 24.6 g (0.220 mole) of potassium tert-butoxide in 250 mL dry
tert-butanol was added dropwise over 1.5 h while stirring and maintaining the
temperature below 10 °C. After completion of the addition, stirring was allowed to
continue for an additional 1.5 h in the ice-bath. The excess potassium tert-butoxide was
decomposed by passing CO2 through the reaction mixture and the solvent was removed
in vacuo at 35-40 ^C. 250 mL of ether was added to the residue and the mixture
filtered through a bed of celite. The celite was washed with ether and the washings
were combined with the filtrate and evaporated to dryness to give 31.2 g (95%) of dark
brown oil which crystallized on standing. A sample (2.0 g) was crystallized from
ethanol to give 1.2 g of the crystalline product mp 51-55 ^C. Spetral Data:
NMR(CDCl3 ppm); 2.67(t 3H), 4.0(t 2H), 4.5(t 2H), 5.4(s IH), 5.6(q 2H), 8.7(t IH),
8.8(d IH), 8.9(t IH), 9.1(d IH).
PREPARATION OF 1-FORMYLINDANE.30 To a solution of 1.69 g (0.0735 g-at)
of sodium in 30 ml of absolute ethanol was added 1.23 mL (0.0735 mole) of water and
the solution cooled in an ice-bath. To this was added a solution of 16.2 g (0.0745 mole)
of the crude ethyl indan-l-spiro-2'-oxiran-3'carboxylate in absolute ethanol (8 mL) and
the mixture stirred in the cold for 15 min and at room temperature for 3.5 h. The solid
was filtered and washed with cold ethanol followed with 2x50 mL portions of ether to
give 10.5 g of the sodium salt. The salt was dried and used without further purification.
Glacial acetic acid (25 mL) was added. A vigorous evolution of carbon dioxide
occurred and after stirring at room temperature for 15 min, the reaction had subsided.
The reaction mixture was heated on a steam-bath for an additional 15 min or when the
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evolution of gases ceases. The reaction mixture was cooled to room temperature,
diluted with water (150 mL) and extracted with ether (3x60 mL). The combined
extracts were washed with water (2x100 mL) and with 10% sodium bicarbonate
solution then dried over anhydrous magnesium sulfate. The solvent was stripped and
the crude distilled at 240 to give a pale yellow oil. Spectral information;
NMR(CDCl3 ppm), 2.15(t 2H), 2.3(m 2H), 3.79(t IH), 7.2(aryl), 9.5(d IH);
13c(decoupled, CDCI3, ppm), 25, 31, 57, 124, 125, 126, 127, 138, 144, 200;
FTIR(neat NaCl crn'l), 2942(w), 2715(w), 1720(s); GC-MS(m/e) M+=146,
fragmentations; 117, 91, 65.
PREPARATION OF 1-INDANECARBOXYLIC ACID.30 Jones reagent was
prepared by mixing 26.72 g (0.267 mole) of chromium trioxide in 23 mL concentrated
sulfuric acid cooled in ice. It was diluted by the careful addition ofwater to a volume of
100 mL. A solution of the crude aldehyde 14 g in 100 mL of acetone was cooled in an
ice-bath while stirring. When the temperature reached 4 ^C, 17 mL of Jones reagent
was added dropwise and the temperature maintained at 20-25 ^C. After completion of
the addition (3-4 min), the mixture was stirred in the cold for 5 min, diluted with water
(300 mL), and the crystalline precipitate collected by filtration and washed with water.
The pale yellow solid was dissolved in ether, the solution dried (MgS04)
evaporated to dryness to give 14 g of crystalline 1-indanecarboxalic acid. The solid was
recrystallized from petroleum ether to give 12.2 g of the product. The melting point
was determined to be 142-144 ^C. Spectral information; FT-IR(neat ,NaCl, cm"l),
3500-3035(broad), 3022(m), 1705(s), 1230(m),754(s).
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PREPARATION OF ETHYL-l-INDANECARBOXYLATE.^O 1-Indancarboxylic acid
(4.0 g, 0.025 mole) was esterified by dissolving it in a mixture of 50 mL of anhydrous
ethanol and 200 mL of anhydrous benzene. A few drops of concentrated sulfuric acid
was added to the mixture and was allowed to reflux for 16 h. The mixture was
concentrated and poured into a beaker with 200 mL of water. The organic layer was
separated and the aqueous layer washed with 3x20 mL of ether. The combined ether
layer was washed with 5% sodium bicarbonate, dried (MgSOq), concentrated to give
3.3 g of the ester which amounted to 70% yield. The boiling point is 83 ^dlmm ofHg.
Spectral data; 1hNMR(CDC13, ppm), 1.33(t 3H), 2.43(m 2H), 3.0(m 2H), 4.10(t IH),
4.2(q 2H), 7.3(aryl 4H); (CDCI3, ppm), 14, 28, 31, 50, 60.6, 124, 126, 127, 140,
144, 173; FTlR(neat, cm-1, NaCl), 3066, 2981, 1732, 1458, 1186, 1043, 751; GC-
MS(m/e), M'''=190; fragmentations, 117, 115, 91. Elemental Analysis; theory %C-
75.79, %H-7.37, %0-16.84; found %C-75.72, %H-7.37, %0-16.84.
PREPARATION OF 3,3'-DIMETHYLPHENYL ACETYLENE.46 A solution of 7.0
g (0.0263 mole) of 3,3'-dimethylbenzil in 150 mL of n-propyl alcohol were placed in a
500-mL round bottom flask which was fitted with a reflux condenser. To this solution
3.4 g (0.105 mole) of 95% hydrazine was added, and the mixture heated under reflux
for 60 h. The solution was cooled with an ice bath, and the benzil dihydrazone was
separated by suction filtration. The crystals were washed with 200 mL of cold, absolute
ethanol and dried on a suction filter for 1 h. The benzil dihydrazone was added to 150
mL of reagent grade benzene in a 500 mL three neck flask fitted with a reflux
condenser. While stirring, a small amount of red mercuric oxide was added to the
mixture and warmed gently with evolution of nitrogen. The mixture turned gray. After
all the mercuric oxide was added, the mixture was allowed to stand for 16 h. It was
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then filtered, and the residue washed with 50 mL of benzene. After drying over
anhydrous magnesium sulfate, the benzene was removed using a rotorary evaporator
and the residue recrystallized from ethanol to give pale orange crystals. Melting point
is 65-67 oc. Spectral data; FT-IR(KBr, crn'l), 3066, 2959, 1600, 1438, 1250, 1145,
810; 1H-NMR(CDC13, ppm), 2.35(s 6H), 7.35(aryl 8H); I^qcdCIs, ppm), 25, 89,
123, 128, 128.6, 129, 132, 137; GC-MS(m/e), M+=206, fragmentations, 189, 165,
103. Raman(Neat cm’l), 3066, 2959, 2160, 1600, 1438.
PREPARATION OF 3,3'-DlMETHOXYPHENYL ACETYLENE.32 To a 250-mL
round-bottom flask fitted with a reflux condenser, was added 5.0 g (0.019 mole) of
3,3'-dimethoxybenzil dissolved in 100 mL of n-propyl alcohol. To this solution was
added 1.82 g (0.057 mole) of 95% hydrazine, and the mixture was refluxed for 60 h.
The solution was cooled in an ice bath, and the benzil dihydrazone was separated by
suction filtration. The solid was washed with cold, absolute ethanol and dried.
The benzil dihydrazone was added to 100 mL of benzene in a 500-mL three-necked
flask fitted with a reflux condenser and mechanical stirrer. A small amount of yellow
mercuric oxide (2.0 g) was added to the mixture with stirring to keep the benzil
dihydrazone suspended, and the mixture warmed slightly on a water-bath. Nitrogen was
evolved, and the mixture turned gray. Additional mercuric oxide was added until a total
of 12.3 g (0.057 mole) had been added. The mixture was stirred for an additional 1 h
and allowed to stand overnight. It was then filtered, and the residue (mercuric oxide)
was washed with 50 mL of benzene. The benzene filtrate was dried over anhydrous
magnesium sulfate, filtered and concentrated to give 1.2 g of orange solid which was
recrystallized from ethanol. The melting point is 52-53 ^C. FTIR(KBr cm"^), 3066,
1600, 1345, 1092, 810. GC-MS, M+=238; 195, 152, 119. 1H-NMR(CDC13, ppm).
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3.77(s 6H), 6.8(d IH), 7.0(s IH), 7.1(d IH), 7.2(t IH). Raman(cm-l), 3066, 2160,
1600. 13c.NMR(CDCl3, ppm), 89, 114, 116, 124, 129, 159.
ATTEMPTED PREPARATION OF 2'-PROPENONE,BROMOBENZENE. In a 500-
mL round-bottom flask attached to a reflux condenser was placed 20 g (13.6 mL, 0.1
mole) of o-bromoacetophenone, 13.5 g (0.123 mole) of diethylamine hydrochloride, and
4.6 g (0.153 mole) of paraformaldehyde. After the addition of 1ml of concentrated
hydrochloric acid (sp. gr. 1.19) in 80 mL of 95% ethanol, the mixture was refluxed on a
steam bath for 2 h. The yellowish solution was filtered and transferred to a 1-L wide¬
mouthed Erlenmeyer flask. While still warm, it was diluted by the addition of 250 mL
of acetone, allowed to cool to room temperature slowly, and then chilled overnight in
the refrigerator. The large crystals were filtered and washed with 25 mL of acetone.
The crude sample was vacuum distilled to decompose the o-bromo P-
diethylaminopropionylacetophenone hydrochloride. From the GC/MS analysis, only
about 1% of the product was recovered.
PREPARATION OF 3,3'-DIMETHOXYBENZILHYDRAZONE. To a 500-mL
round-bottom flask was added 1.8 g (0.0067 mol) of 3,3'-dimethoxy benzil, dissolved in
lOOmL of n-propanol. To this solution, 3.4 g (0.105 mole) of 95% hydrazine hydrate
was added and the mixture heated under reflux for 60 h. The solution was cooled with
an ice bath and the benzil dihydrazone was separated by suction filtration. The solid
was washed with cold ethanol and dried on a suction filter for approximately 1 h to
give a mass of 1.35 g which amount to 68% yield. 1H-NMR(CDC13, ppm), 3.77(s 6H),
5.76(s 4H), 6.8-7.2(Aryl 5H). 13c-NMR(CDCl3, ppm), 55, 110, 114, 118, 129, 136,
141, 159.
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ATTEMPTED PREPARATION OF o-BROMOINDAN. Indan (13.0 g, 13.5 mL,
0.11 mole) was added to a mixture of n-bromosuccinimide, NBS, (18.1 g; 0.10 mole)
and .24 g of benzoyl peroxide (.001 mole) in 54 mL carbon tetrachloride. The mixture
was heated under reflux until all the NBS had been consumed, reaction time was 35
min. During this reaction, a pale orange color developed which disappeared just before
the reaction was complete. The reaction mixture was cooled in a ice bath and filtered to
remove the succinimide. The carbon tetrachloride was evaporated using the rotorary
evaporator. The GC/MS analysis did not confirm the production of o-bromoindan.
ATTEMPTED PREPARATION OF 1-EPOXYINDAN. Dimethylsulfide (31.86 g,
0.514 moles; 38mL), reagent grade, was added to a stirring solution of 72.42 g (0.514
mole; 32 mL) of iodomethane in a 500-mL round bottom flask at 0 ^c. This mixture
was allowed to stir at 0 for 15 min and at room temperature for 1 h. It was then
allowed to stand for 16 h. The white powdered solid weighed 99.5 g which was a 96%
yield. A solution of n-butylithium (30 g, 188 mL, .0514 mole) in tetrahydrofuran(THF),
was added to the salt suspended in THF at 0 under nitrogen in a 500-mL three neck
flask. After stirring for 5 min, 62 g of 1-indanone in 60 mL of THF was added
dropwise at 0 ^C. Stirring was continued for 30 min, then 1 h at room temperature.
Most of the THF was removed by distillation. Water (200 mL) was added to the
reaction mixture and the organic layer separated. The aqueous layer was extracted with
3x100 mL portion of ether. The organic layers were combined and dried over
anhydrous magnesium sulfate. The solvent was removed with a rotorary evaporator.
The crude was analyzed and found not to contain the epoxyindan.
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PREPARATION OF 3,4-DINITROBENZYL BROMIDE. 3,4-Dinitrobenzyl alcohol
(11.0 g, 0.056 mole) was added to a mixture of 31.75 g (0.392 mole) of 48%
hydrobromic acid and 11 g (0.112 mole, 21mL) of concentrated sulfuric acid. After the
addition was complete, an additional 4mL of concentrated sulfuric acid was added and
the reacting mixture was allowed to reflux for 16 h. After it cooled to room
temperature, a large amount of water was added to the mixture and the organic layer
separated. The aqueous layer was washed with 4x50 mL portion of chloroform. The
combined organic layers were washed with water, 10% sodium bicarbonate solution,
water and then dried over anhydrous magnesium sulfate. The solvent was removed and
the orange solid recrystallized from ethanol to give 13.3 g of 3,4-dinitrobenzylbromide,
with a melting point of 40-41 ^C, which ammounted to 91%. Elemental analysis:
theoretical C32.2h ^1.93, Br3o.6b Nio.73> ^24.52; Found C32.24> 90, Br3o.57,
Nio.70> O24.59 ^H-NMR(CDCl3^ ppm), 4.5(s 2H), 7.92(d IH), 7.9(d 2H).
PREPARATION OF 1,3-DITHIOPROPYLKETAL OF 3,4-
DINITROBENZALDEHYDE This was prepared according to E.J. Corey and co¬
workers.^2 To a 500-mL round-bottom flask was added 16.5 g (0.109 mole) of 3-
nitrobenzaldehyde dissolved in 200mL of dry benzene, 44 g (0.44 mole) of 1,3-
dithiopropane and several drops of concentrated hydrochloric acid. The stirring mixture
was cooled in an ice bath until the exothermic reaction had subsided. It was then
refluxed for 3.5 h using a deans trap apparatus to remove water from the experiment.
The mixture was concentrated and the resulting solid dissolved in chloroform. Water
was added to the chloroform mixture. The organic layer was separated and the aqueous
layer extracted with 3x100 mL portions of chloroform. The combined chloroform
extract was washed with 25% of sodium hydroxide solution, followed with water and
50
then dried over anhydrous magnesium sulfate. The solvent was removed to give a pale
yellow solid. The solid was recrystallized from chloroform to give a snow white
needles, melting point 114-116 ^C. The weight recovered was 21.35 g which amounted
to 81.2% yield.
ATTEMPTED THALLATION OF 1-INDANONE.32 Indanone (5 g, 0.038 mole)
was added to 20 g (0.098 mole) of thallium trifluoroacetate in 150 mL of acetonitrile.
The reaction was allowed to stir in the dark for 48 h. Careful analysis of the crude
showed only the starting material.
COUPLING OF 1,3-DITHIOPROPYLKETAL OF 3,4-DIMETHOXY
BENZALDEHYDE AND 3,4-DINITROBENZOYL CHLORIDE. Dithiane (12 g
0.047 mole) in 50 mL of THF was added to 3.008 g (0.047 mole; 20 mL) of n-
butyllithium in THF at -78 ^C under nitrogen. The reacting mixture was allowed to
warm to -20 ^C then to room temperature. After stirring for 2 h, it was cooled to -78
OC and 13.11 g (0.057 mole) of 3,4-dinitrobenzoyl chloride in 50 mL of dry THF was
added. The mixture was allowed to warm to -20 then room temperature. It was
poured into 200 mL of 10% sulfuric acid and then brought to a pH 6.0. The organic
layer was washed with water followed with 5% sodium bicarbonate solution, saturated
sodium chloride and dried over anhydrous magnesium sulfate. The solvent was
removed to produce the crude product. The product was used for the next experiment
without any further purification.
ATTEMPTED PREPARATION OF ETHYL-1-INDANOATE. Indan (50 g, 0.424
mole) was placed in a 500 mL three-neck round bottom flask with 200 mL of anhydrous
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THF. This was followed with the addition of 27 g (259 mL, 0.424 mole) of n-
butylithium dropwise at -50 and under nitrogen. The mixture was allowed to stir at
room temperature for 16 h. Excess ethylchloroformate was added dropwise and
allowed to stand for an additional 16 h. 200 mL of 10% sulfuric acid solution was
added to the reaction mixture and the organic layer separated. The aqueous layer was
washed with 3x50 mL portions of ether. The combined organic layers were washed
with water, 10% sodium bicarbonate solution, and a saturated sodium chloride solution.
It was then dried with anhydrous magnesium sulfate and the solvent removed with a
rotorary evaporator to give a crude material that was analyzed to be the starting indan.
PREPARATION OF 1-INDANOL. To a 500-mL round-bottom flask, was added 6.2 g
(0.165 mole) of lithium aluminum hydride dissolved in 200 mL of anhydrous ether. The
mixture was refluxed gently followed by the addition of 22.0 g (0.165 mole) of 1-
indanone in 150 mL of anhydrous ether while maintaining a gentle reflux. The mixture
was allowed to reflux for 6 h. The excess lithium aluminium hydride was carefully
destroyed with ice, then 6N hydrochloric acid. The organic layer was separated and the
aqueous layer washed with 3x100 mL portions of ether. The combined organic layers
were concentrated to give a dirty white solid. Recrystallization from ether/petroleum
ether gave hard white crystals that weighed 16 g, that is 73% yield and melting point is
48-50 OC. FTIR(NaCl cm'l), 3500(b), 1602(w), 1470(s), 1440(s), 1420(s), 1060(s),
850(s); 1H-NMR(CDC13, ppm), 1.89(m IH), 2.4(m 2H), 2.7(m IH), 3.0(m IH).
PREPARATION OF o-BROMOINDAN. Indanol (6.0 g, 0.045 mol.) was added to a
mixture of 25.52 g (0.0315 mole 17 mL) of 48% hydrogen bromide and 7.4 g (4 mL) of
concentrated sulfuric acid. After the addition was completed, 1.75 mL of concentrated
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sulfuric acid was again added to the reacting mixture. The mixture was refluxed for 16
h After allowing it to cool to room temperature, a large amount of water was added
and the organic layer separated. The aqueous layer was extracted with 3x100 mL
portion of chloroform. The combined organic and chloroform layers were washed with
5% potassium carbonate solution, water, sodium bicarbonate and saturated sodium
chloride solutions. It was then dried over anhydrous magnesium sulfate, filtered and
after the solvent was removed, gave 4.12 g of an oil. The oil was passed through a
layer of silica gel to give 3.3 g of pale orange oil. Spectra data: 1H-NMR(CDC13,
ppm), 2.4(q 2H), 2.7(t 2H), 3.0(m IH); FTIR(neat, crn'l), 3066(w), 2989(w), 1602(s),
780(m).
PREPARATION OF INDANONE TOSYLHYDRAZONE; The procedure was that of
Heinz et. al.'^^^ 1-Indanone 22.2 g (0.168 mole) was added to 31.3 g (0.168 mole) of
p-toluenesulfonyl hydrazide dissolved in 250 mL of methanol. After all solid dissolved,
the mixture was allowed to stand undisturbed for 20 min. At this time, white crystals
started to form. The crystals was vacuum filtered to give 41 g. Additional 4.65 g was
filtered to give a total weight of 45.65 g bringing the total yield to 91%. Melting point
195-198 OC. Spectra data: 1H-NMR(CDC13, ppm); 2.4(s 3H), 2.7(t 2H), 3.0(t 2H),
7.2-7.9(Aryl 8H), 8.8(s IH). FTIR(NaBr, cm’l); 3250(s), 1645(s), 1600(s), 1389(s),
1350(s).
LITHIUM SALT OF INDANONE TOSYLHYDRAZONE;47a jo a 500-mL round
bottom flask was added 29.5 g (0.098 mole) of the tosyl hydrazone dissolved in
THF(350 mL) and cooled to dry ice/acetone temperature. The solution was stirred
under nitrogen for 30 min at this temperature. A solution of 6.3 g (0.098 mole 40.0
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mL) of n-butyllithium was added dropwise with stirring over a period of 45 min. After
the addition of butyllithium was completed, the mixture was allowed to stir at -78
for an additional 30 min. The mixture was allowed to stir at room temperature for 16 h.
The solvents were removed on a rotary evaporator, and pumped under vacuum leaving
35.5 g (>100% yield) of yellow powder. Extensive pumping on the vacuum did not
remove all the THF, accounting for the unusually high yield.
PREPARATION OF BI(BENZOCYCLOPENTENYLIDENES).47b e and Z: A 500-
mL Pyrex immersion well photolysis apparatus, fitted with a 450-W Hanovia lamp and a
magnetic stirrer, was charged with 4.5 g of dry finely grounded benzocyclopentanone
tosylhydrazone lithium salt and 400 mL of dry benzene. In order to maintain a low
reaction temperature, the vessel was cooled with a wet-ice-bath. The reaction mixture
was bubbled with oxygen-free nitrogen for 20 min and then irradiated under a nitrogen
atmosphere for 2.5 h. The yellowish product mixture was filtered from the white
inorganic salt and evaporation of the filtrate yielded 2.12 g of a yellow solid. The solid
was dissolved in a minimum of chloroform, and acetone was added dropwise until
crystallization started. The crystals was recrystallized from ethanol and the melting
point of the crystals was 165-168 ^C. This was the E-isomer. The X-Ray crystal
structure is in the appendix. 1H-NMR(CDC13, ppm), 3.0(s 8H), 7.4-7.9(Aryl 8H);
13C-NMR(CDCl3, ppm), 28, 122, 125,126,127,130,149,169. FT-IR(cm-l KBr), 3066,
2956, 1642, 1480, 1355, 790.
PREPARATION OF BI(BENZOCYCLOPENTANOL);48 To a 250-mL three-neck
flask was added 5.54 g (0.228 gram-atom) of magnesium metal (40-80 mesh) was
added to a stirring solution of 1.63 g (0.006 mole) of mercuric chloride in 15 mL of dry
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THF. The mixture was stirred at room temperature for 15 min. The turbid supernatant
liquid was withdrawn by a pipette and the remaining amalgam was washed three times
with portions of THF. Tetrahydrofliran (30 mL) was added, and the mixture was
cooled to -10 0C(salt and ice) and treated dropwise with 21.63 g (0.114 mole, 12.5mL)
of titanium tetrachloride. The walls of the reaction flask were washed with 15 mL of
THF, and 10 g (0.078 mole) of indanone dissolved in 15 mL of THF was added and the
purple mixture stirred for 2 h at 0 ^C, treated with 10 mL of saturated potassium
carbonated solution and allowed to stir for an additional 15 min. 250 mL of ether/ethyl
acetate was added to the mixture to dissolve the alcohol. It was then filtered through a
bed of celite. The filtrate was washed with saturated sodium chloride solution, dried
over anhydrous magnesium sulfate, filtered and concentrated to give 3.5 g of yellow
solid. When the crude was analyzed, two distinct product were present. The major
product was the diol while the second product turned out to be
bi(benzocyclopentenylldene). The products were separated via the column
chromatography.. The bi(benzocyclopentanol) was recrystalized from ethanol to give
snow white powder with melting point 156-156 ^C. The melting point of the second
product, which was a yellow solid, after Recrystallization from ethanol was 165-168
°C. Spectral data for the diol; 1H-NMR(CDC13, ppm), 1.9(t 4H), 2.78(s 2H), 3.0(t
4H), 7.2-7.8(Aryl 8H); 13c-NMR(decoupled ppm), 29, 36, 88, 124, 125, 126, 128,
144, 145. FT-IR(KBr crn'l), 3471, 3325, 3067, 2942, 1464, 1352, 1056, 755.
Elemental Analysis: Theory Cgi.n, H6,81, O12.02; Found Cgi.12. ^6.74. 012.14-
PREPARATION OF 3,4-DIMETHOXYBENZYL ALCOHOL. This was carried out
according to the method of Davidson et. al.^^ The apparatus consists of a 2-L three¬
necked flask fitted with a mechanical stirrer, a reflux condenser, a thermometer which
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reached almost to the bottom of the flask. To this was added 84.0 g of potassium
hydroxide pellets dissolved in 350 mL of absolute methanol and allowed to stir. The
bulk of the alkali dissolved in a few minutes with the evolution of heat. The flask was
then cooled with a cold water bath, when the internal temperature dropped to 60 ^C, a
mixture of 83 g (0.5 mole) of 3,4-dimethoxy benzaldehyde and 60 mL of formalin in 60
mL of absolute methanol was added to the KOH and the internal temperature
maintained at 60-70 ^C. After the addition, the internal temperature was maintained for
an additional 3.5 h, after which the methanol was distilled until the internal temperature
reached 98 ^C. Water (200 mL) was then added to the warm residue. The resulting
two layers were separated, and the aqueous layer was extracted with 3x100 mL of
portions of benzene. The combined organic layers were washed with 5x50 mL portions
of water and then combined washings extracted with 50 mL of benzene, the benzene
layer being added to the washed extract. The solution was dried over anhydrous
magnesium sulfate and the distilled, to give 31 g of the alcohol, i.e. 42% yield. Spectral
data: IH NMR(CDC13, ppm), 3.0(s IH), 3.8(s 6H), 4.5(s 2H), 6.7-6.8(aryl 3H).
FTIR(neat, NaCl, cm-1); 3501(b), 3069(m), 2948(s), 1605(m), 1520(s), 1041(s).
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RESULTS
VARIABLE TEMPERATURE DYNAMIC PROTON NUCLEAR MAGNETIC
RESONANCE
The dynamic proton NMR experiments were carried out on the 3,3'-dimethylphenyl
acetylene(3,3‘-dimethyl tolan) and 3,3'-dimethoxyphenyl acetylene(3,3'-dimethoxy
tolan). These materials were dissolved in CDCI3 with TMS as the reference. The
instrument used for this experiment is a Broker 250. The sample probe was cooled
with a flush of liquid nitrogen from a dewar flask. Readings were taken at different
temperatures. The first temperature was recorded at 25 0C(298 K), followed by
another at -48 oC(225 K) and the third at -25 oC(248 K).
At 225 K, the single peak that was observed at 298 K split into two unequal peaks.
The instrument was then allowed to warm up to 248 K where the doublet was observed
to coalescence into one peak. This peak is refer to as the coalescence temperature, T^.
The three spectra are shown in fig. 3.
Similar results were obtained from the 3,3'-dimethoxyphenyl acetylene. The
temperature readings were started at 25 0C(298 K), and to -22 0C(251 K) where the
single peak observed at 25 0C(298 K) split into two peaks. The instrument was allowed
to warm up until the two peaks just coalesce at -8 0C(265 K). The temperature at
which these two peaks merge into one is called the coalescence temperature, T^. The




Fig. 3. Variable temp.
H-NMR experiment, a is the
complete spectrum at rt.
b.represents temp, at 298K
c represents temp, at 248K
the coalescence temp*







H-MMR experlsient for 3,3*
dlmebhoxyphenyl acetylene,
b.represents temp, at 297R.
bis the complete spectrum
at rt. c represents temp.
at265K, while d represents
temp, at 2S1R.
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From Fig. 3, is 2480K, 6v( i.e. the width at half height of peak) is 6.2Hz.
from eq. 12




The same was done for the 3,3'-dimethoxyphenyl acetylene. From fig. 4 is




The carbon-13 NMR for some acetylenes are summarized in Table I;
Table I. Carbon-13 NMR data from Aldrich C-13 NMR Spectra vol. 2 for some
selected Alkyl Acetylenes compared to Diaryl Acetylenes synthesized in
our laboratory. All units are in ppm.
DI-ALKYL ACETYLENES ppm DI-ARYL ACETYLENES ppm
Ethyne 79.1 3,3'-Dimethylphenyl acetylene 89.3
1,5-Hexadiyne 82.0 4,4'-Diisopropylphenyl acetylene 88.8
2,5-Dimethoxy-3 -hexyne-2,5-diol 86.8 3,3'-Dimethoxyphenyl acetylene 89.1
As is shown in Table 1 above, the C-13 NMR data for the Diaryl acetylenes are
consistent. However, the alkyl acetylenes are influenced by the groups alpha to the
acetylenic bond. Unperturbed acetylene, for example ethyne, the two carbons, because
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the acetylene is symmetric, shows a peak at 79ppm, while the corresponding
arylacetylene appears at 88pm.
ETHYL-1-INDANCARBOXYLATE:
Ethyl-1-indancarboxylate was synthesized in 70% overall yield. The experiment was
carried out according to Kacadias and co-worker^V The first involved the diazen
condensation followed by the synthesis of the sodium salt. This then decorboxylated to
give the corresponding aldehyde. The aldehyde was oxidized to the carboxylic acid
followed by esterification to produce the corresponding ethyl-1-indancarboxylate. The
spectra are shown in figures 56-59 in the Appendix..
3,3'-DIMETHYLPHENYL ACETYLENE;
3,3'-dimethylphenyl acetylene was synthesized in 70-80% overall yield. The synthetic
steps involved first making the corresponding dimethylbenzoin from the 3-
methylbenzaldehyde. The benzoin after oxidation with hydrated copper sulfate in
pyridine/water mixture was converted to the corresponding dihydrazone. This was
refluxed with yellow mercuric oxide to produce the dimethylphenyl acetylene. The
spectra are shown in figures 25-29. One of the observation from the IR was that, there
was no acetylenic peak at the 2200 cm"V However, it showed a strong absorption in
the Raman at 2200 cm’^. This carbon-carbon triple bond stretching vibration is
centrosymmetric suggesting that this acetylene is indeed linear.
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BI-(BENZOCYCLOPENTENYLIDENE);
This was synthesized according to Frimer and co-workers^^ in a 60% yield. 1-
Indanone was allowed to stand at room temperature with a mixture of p-toluenesulfonyl
chloride. The indanone tosyl hydrazone was converted to the sodium salt and irradiated




3,3'-dimethylphenyl acetylene(3,3'dimethyl tolan),6, and 3,3'-dimethoxyphenyl
acetylene(3,3'-dimethyl tolan), 7, were synthesized in 75-80% yield. This was achieved
by condensing the corresponding aldehydes, catalyzed with sodium cyanide in 95%
ethanol. The benzoins were then oxidized followed with the formation of the
dihydrazones which were converted to their corresponding acetylenes with yellow
mercuric oxide.
From the low temperature proton nuclear magnetic resonance experiments, it was
possible to show that acetylenes 6 and 7 had energy barrier to rotation of 13 and 14
Kcal/moles respectively which supports Pauling and co-workers' theory that tolans have
44% double character. However, the synthesis of compound 8, i.e. 3,4-dimethoxy,
3',4'-dinitro tolan, has not been completed. Various methods have been tried to
accomplish the synthesis of the non-symmetric acetylenes.
The second part of this investigation, the synthesis of bicyclospiro[n.m] alkanes, has
not been completed. However, the corresponding bicyclospiro[n.m] ketone was
synthesized but not isolated from the crude. The synthesis of indancarboxylate was
accomplished in 65-80% yield. Also, bi-indanol was synthesized by the reductive
coupling of the corresponding indanone with titanium tetrachloride. Pinacolic
rearangement was attempted with these diols in a chiral solvent(s-pinene). The product
has not been isolated. This is an on-going project in our laboratory. In the course of
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this project, bi(benzocyclopentenylidene) was isolated and purified in 50-60% yield.
The X-ray structure is found in the Appendix .
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APPENDIX A. SPECTRA DATA FOR 3,3’-DIMETHYLBENZOIN
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Fig.6 FT-IR of 3,3'dimethylbenzoin.
Fig. 7 Carbon-13 NMR spectrum
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APPENDIX B. SPECTRA DATA FOR 3,3’-DIMETHOXYBENZIL
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APPENDIX C. SPECTRA DATA FOR 3,3'-DIMETHYLBENZIL
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APPENDIX E. SPECTRA DATA FOR 3,3’-DIMETHOXYBENZIL
DIHYDRAZONE
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APPENDIX F. SPECTRA DATA FOR 3,3'-DIMETHOXYPHENYL ACETYLENE
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Fig.20- H-NMR spectrum of 3/3'-
dlmethoxyphenyl acetylene.
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Fig.22. GC-MS spectrum of 3^3'-dimethoxy
diphenyl acetylene. The molecular mass
ion is '! 238/
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Fig.24. FT-IR spectrum of
3,3'-diroethoxyphenyl
Ohi
APPENDIX G. SPECTRA DATA FOR 3,3'-DIMETHYLPHENYL ACETYLENE
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Fig.28. FT-IR spectrum of
3,3'-diniQthylphenyl acetylene.
OHI












-0 . 08 1 1 1 r
3300 3000 2700 2400 2100
RAMAN
9^0 6(fo iTo"isbo isbo 1200
SHIFT (cm-'’)
APPENDIX H. SPECTRA DATA FOR 1,3-PROPYLKETAL OF 3,4-MIMETHOXY
BENZALDEHYDE
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APPENDIX I. SPECTRA DATA FOR 3,4-DIMETHOXYBENZYL ALCOHOL
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APPENDIX J. SPECTRA DATA FOR 3,4-DINITROBENZOYL CHLORIDE
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APPENDIX K. SPECTRA DATA FOR ETHYL-3,4-DINITROBENZOATE
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Fig.37. FT-IR spectrum ofe ethyl
3,4--dinitrobenzoate.
4000.V










1 r I -I ■
8.0 7.0 6.0 5.0 4.0
3.0
' I ' ' ' -r i | ■ i i i r-
2.0 -1.0 -.0 -1.0 -2.0 -3.0
APPENDIX L. SPECTRA FOR 3,4-DINITROBENZYLBROMIDE
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Fig. 39. H-NMR spectrum of
3,4-dinitrobenzyl bromide.
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Fig.40. FT-IR spectrum of
3,4-dinitrobenzyl bromide.
APPENDIX M. SPECTRA DATA FOR o-BROMO 3-ETHYLACETYLETHANONE
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Fig. Al. H-NMR spectrum of
o-bromobenzene 3rethylacetyJ.ethanone
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APPENDIX N. SPECTRA DATA FOR 1-INDANOL
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molecular ion peak is
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Fig. 46 Proton NMR spectrum of
1-formylindan.
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Fig. 48 FT-IR spectrum of
formylindan.
APPENDIX P. SPECTRA DATA FOR 1-BROMOINDAN
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Fig.49. H-NMR spectrum of
1-bromoindan.
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Fig.50. FT-IR spectrum of
1-indanbromide
APPENDIX Q. SPECTRA DATA FOR 1-INDANCARBOXYLIC ACID
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%TRANSMITTANCE
Fig.51. FT-IR spectrum of
1-indancarboxylic acid.
754.25
APPENDIX R. SPECTRA DATA FOR BI-(BENZOCYCLOPENTENYLIDENE)
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Fig.53. Carbon-13 NMR spectrum
of bi-(ben2ocyclopentenylidene)
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Fig,54. FT-IR spectrum of
bi(benzocyclopentenylidene).
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Fig.56 Proton NMR spectrum of
1-ethylindancarboxylate.
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Fig. 59 FT-IR spectrum of 1-ethylindancarboxylate.
.1043.5
APPENDIX T. SPECTRA DATA FOR 2'-PROPENOL, BROMOBENZENE
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Fig.60 H-NMR spectrum of o-bromobenzene
2-propenol.
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APPENDIX U. SPECTRA DATA FOR BI-INDANOL
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Fig.62 H-NMR spectrum of
bi-indanol.
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Fig.63 Carbon-13 NMR spectrum of
bi-indanol
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Fig.65 FT-IR spectrum of bi-indanol.
APPENDIX V. SPECTRA DATA FOR l,2-BENZO-9,10-BENZO-6-KETO-
SPRIO[4.5] DECANE
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Fig. 66 FT-IR "Spectrum of Spiroindanone
resi
APPENDIX W. SPECTRA DATA FOR 1-INDANONETOSYLHYDRAZONE
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Fig.67 H-NMR spectrum of
indanonetosylhydrazone.
O
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Pig.68. PT-IR spectrum-of
indanonetos^lhydrazoha. •





diphenyl acetylene, a repre¬
sents temp, at 298K, and
b temp, at 248K while c temp,
at 225K.
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APPENDIX Y. X-RAY STRUCTURE AND ANALYSIS OF
BI(BENZOCYCLOPENTENYLIDENE)
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Fig.69. An ORTEP drawing of Bi(benzocyclopentenylidene)
with 5096 probability ellipsoids. Hydrogen atoms are shown
as plain spheres with their refined parameters.
Fig.70. An ORTEP drawing of the contents of a unit cell
outlined. Atoms are shown as in fig.69? the view is perpendi¬
cular to the ac plane.























C9 -Cl ■-C2 107.1(1)
Cl -Cl •-C2 125.2(1)
Cl -Cl •-C9 127.6(1)
C3 -C2--Cl 106.5(1)




C6 -C5 ■-C4 119.7(1)
C7 -C6--C5 119.9(1)
C8 -C7--C6 120.8(1)
C9 -C8 ■-C7 120.0(1)






H2B -C2 -C3 112.2(8)
H2B -C2 -H2A 104.7(11)
H3A -C3 -C2 111.5(9)
H3B -C3 -C2 112.1(9)
H3A -C3 -C4 111.2(9)
H3B -C3 -C4 110.3(9)
H3B -C3 -H3A -107.0(12)
H5 -C5 -C4 118.1(9)
H5 -C5 -C6 122.2(9)
H6 -C6 -C5 120.7(10)
H6 -C6 -C7 119.3(10)
H7 -C7 -C6 120.3(8)
H7 -C7 -C8 118.8(8)
H8 -C8 -C7 118.5(9)
H8 -C8 -C9 121.5(9)
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Table 3. Anisotropic Displacement Psirameters for
Tranj-a, a'-Debydrobiindanyl.
Atom Uu U22 U23 U12 Ui, U2,
Cl 269(4) 317(5) 395(6) 35(4) 32(4) -38(4)
C2 277(5) 400(6) 469(6) 71(4) 29(4) -5(5)
C3 370(6) 447(6) 452(7) 112(5) -26(5) 13(5)
C4 392(5) 366(5) 359(6) 38(4) -8(4) -17(4)
Co 574(8) 459(7) 431(7) 48(6) . 2(5) 78(5)
C6 615(8) 524(8) 429(7) -66(6) 81(6) 67(6)
C7 435(6) 564(8) 478(7) -43(6) 121(5) 19(6)
C8 354(6) 447(6) 513(7) 44(5) 94(5) 40(5)
C9 323(5) 318(5) 369(5) 24(4) 23(4) -27(4)
Uij values have been multiplied by lO*
The form of the displacement factor is:
exp -27r2(Criib2o** + + CTas^^c-* + 2Ui2hka’b‘ + 2Ui3hia^c^ + 2Cr23 W&’c*)
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Table 4. Observed and Calculated Structure Factors for
Trans-a, a'-Dehydrobiindzuiyl
The columns contain, in order, f, 10Fo&«, lOFcofe and 10<rFoj,. A minus sign preceding




2 80 7$ 1
4 195 176 2
6 68 70 1


















































































































































































































14 136 142 2
16 23 25 3
18 19 16 4


















0 67 67 1
2 78 86 1









0 192 214 2
2 212 227 2
4 207 214 2
6 213 211 2
8 111 105 2
10 325 324 3
12 157 159 2
14 -10 2 3














































































202 36 45 2 13 844 12 13 S 14 166 1« IS 5 IS 576 103 103 2 16 5510 76 75 1 17 SO12 76 81 1 18 1114 31 31 2
•11
16i 0 1






























1 29 7 I
2 126 117 1
3 47 38 I
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1 •9 10 22 677 668 5
3 767 766 5
4 408 385 3
s 74 78 1
6 247 237 2
7 538 529 4
8 111 106 1
9 147 145 1
10 143 146 1
11 183 175 1
12 263 263 2
13 54 52 1
14 204 208 2
IS 55 58 1
16 41 45 1
17 91 93 1
18 35 37 2
19 IS 21 3
20 16 19 2
1 1 1
0 51 51 0
1 532 547 4
2 1104 1093 8
3 1503 1493 11
4 1342 1329 10
5 279 268 2
6 68 70 1
7 390 383 3
8 90 86 1
9 56 54 1
10 146 145 1
11 167 166 1
12 16 17 2
13 63 67 1
14 125 125 1
15 23 18 2
16 87 86 1
17 131 129 1
18 93 93 1
19 19 15 3











































































































































































































































































































































0 85 97 1 -14
1 -IS 7 2
2 34 35 2 1 4
3 51 59 1 2 374 161 168 1 3 •11S 16 11 3 4 386 82 83 1 5 497 ISO 152 1 6
8 57 55 1 7 109 13 4 4 8 $810 77 76 1 9 511 83 83 1 10 SO
12 44 38 1 11 67
13 81 79 1 12 S6
U 109 106 1 13 4
IS 54 53 1 14 >6











































































































































































































































































































































































































































































































































































































































































































































































































1 153 157 12 137 135 1













































































































































































































































































































































































































































































































































































8 27 25 2 2 149 \u
9 59 61 1 3 151















13 24 29 1 7 130 174
M 42 43 1 8 97 9$
IS IS 13 2 9 19 22
16 -U 0 3 10 -12 7
11 30 37
8 4 1 12 21 26







Z 149 151 1 15 u 7
3 247 252 2 16 48 43
4 122 129 1 1? 36 35
5 14 7 3 13 6 15
6 78 72 1 19 39 36
1 174 181 2 20 S7 54

























































































































































































































































































































































































































































































































































































































































0 96 98 1























































































































































































































































S3 53 I 1 45 4S74 71 1 2 20 2140 36 1 3 21 2218 14 2 4 28 26105 106 1 5 40 40






















































































































































































































































































































Corapouod identifier (e.f. (1). (2) or (H. (It) —]
Cr^ttal data1.Chemical and crjrAal source or preparation (append separate sheet if needed)
2. Chemical formula (sum) (,e.g. CIS Hl9 K7 08 S) ^18^18^2 -
(moiety) («.*. CIS HIT KT 07 S. H2 O)
3. Chemical formula wright Mr (Da) 266.34
4. Crystal system Q Trielinie £3 Monoelinic Q Hexagonal Q Orthorhombic
Q Tetragonal O Cubic Q fthombohedral Q Trigortal
5. Space group CP/e (pve details for non-standard settinp) ___________
fi. Unh-cell dimensions (k. *) n 13.758(5) h 5.391(1) c W
a 8P 5 Ot.COfTi T 90
7. Volume of unh cell V (A*) 1247.6 (6) g. potmuh urtits per cell 2 *
9. Density calculated from formula and cell D, (Mg m“’)
10. Density ftom independent measurements O. (Mg ra“’) ■
Measurement method S None Q Pycnotnetry D Floution in. Q Other
11. Kadiatiao type 10 Mo ATo O Cu £a O Ag Ka Q Other _
Wavelength A (A) S 0.71073 □ 1J4I84 □ 0J608 □ Other
12. No. of reflections for cell measurement 25 t range (*) ^2.4 to 23.4
13. linear absorption eoeffieienl p (mm”') 0.85 14. Measurement temperature (K)
«
15. Crystal shape Triangular prlsa (Irregular) Clalour oale vellov
Size (mm) 5Max. 0.52 Mid. 0.44 Min. n a? O Radius
165
Oaia eolleetion
,6. Diffractometer t)-pc . Snraf-Nontu, CAD-4
D»ia*colIeetion method Q ur sora Q ufZB scans Q 9p.0 scans Q Other
17. Absorption eotrection type O Anaiyttcal Q tntesration Q Empirteal □ ReRued from £lF
Q Sptu^cat Q Cylindrical XQ None Q GWea in $40
□ other
Minimum and maximum transmission values Cpertnittcd tanje 0.0-l.Ol _______ T ______
IS. No. of reflections measured 7190 19. No. of independent reflections ^->bi
20. No. of observed reflections
21. Criterion for observed reflections Q / > iM'ff). « • Of > a • ____
jQ OihgrAll refleeclona used. posieive and negaelve
22. g^O^OlO I5S duplieacea; COF l«0i23. Muiaum v^luc of d C) 30
24. Rinse of A. i.1 A-. A— 19 t-t. -7 jfc^. 7 -20 t-. 2°
25. No. of standard reflections 2 □ Interval (No. of reflections)
Intensity va.riation (*) v-lchlrt staetseleal eTCoeeea- 0 Interval (time) (min) ISO
cions
ReGnement
26. Use of Gf S/* Df □ Other
0.050 for all T^Q ,
27. X 0.044 for all ?S3q(?‘) 2S. wX 0.011 for aU 1781-data 29. S 2-9S
30. No. of reSecrions used in refinement 1781 jj. penmeters refined
32. Method of refinint and locatinfi H atoms tS All H*atom parameters reSned O Only H-atom coordinates refined
G K atoms refined isocropicaUy G Not refuted
G Given in $40
D Other ■
33. Wei(hunt scheme S Based on measured'esA's G Unit or no weights G Calculated weights
□ other
□ w - l/cr*lF) f3 Other w - l/g*(T*)
34. Maximum A/ff <0.005 ,
35. (e A“*) -Kl.gS
36. Extinction eorreC'cn mediod (if applied)
Primary* aitd secoitdaiy-extinction values
jIAw. (e A“’) -0.16




37. Source of itomic scaneHjn f»cton S Inumarienal Tables for X-ray Crystallography VoL W
Q Imemetional Tables/or Crystallography Vol. C
□ Owner * W»hef (1974)
Q OOief
38. Abiolme sxruemre deuiTs (if applicable)39.All computer projnuns used (include name (date) reference, full reference to be jiven in the reference listj
Data collection EtrUAr-HOKins CAD-4~ Terston 5. 1989
CeU re.'inetaent EKHAf-KOHIUS ChP-4 Version 5,1389
Data reduction C?.YH (199f>). Duchamp, D. J., 1964
Soucnrre solution CRTK (1994), Duehaatp, D.J.t I96d
Structure refinement CfiTM (1994), Duchanp. P. J. I96t
Molecular graphics ORlhir (1976), John30n> C, K,, ‘1976
Preparation of tnaterial for publication (199&) , Puchaarp, P, J,, 196440.Dbctssion of sarucTure determiitation and refinement procedure (append separate shed if needed)
The scruceure was solved by KOLTAH; all carbon acorns were found in the E-«ap.
Thetr positions and dlsplaceiaent parameters were refined and bydroxen atoms were then
Introduced at calculated positions. After 6 cycles, the hydrogen parameters—positional
and dlsplacestent-^were Included In the refinement, along with a single scale factor
and a secondary extinction parameter. All refinements proceeded smoothly and quicltly.
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